Background: Post kala azar dermal leishmaniasis (PKDL) is a neglected dermatosis that develops as a sequel to kala azar after apparent complete treatment. Being a non life threatening condition, patients often delay treatment thereby maintaining a reservoir of infection. The diagnosis of PKDL rests on the demonstration of the parasite in tissue smears, immune diagnosis by detection of parasite antigen or antibody in blood, or detection and quantitation of parasite DNA in tissue specimens. Sophisticated molecular tests are not only expensive but also need skilled hands and expensive equipment. To be useful, diagnostic methods must be accurate, simple and affordable for the population for which they are intended. Aims: This study was designed to assess functionality and operational feasibility of slit-skin smear examination. Methods: Sensitivity and specificity was evaluated by performing slit-skin smear and histo-pathological examination in 46 PKDL patients and the results were compared with the parasite load in both the slit aspirate and tissue biopsy specimens by performing quantitative Real-time PCR (Q-PCR). Results: The slit-skin smear examination was more sensitive than tissue biopsy microscopy. The parasite loads significantly differed among various types of clinical lesions (P < 0.05). The threshold of parasite load for detection by SSS microscopy was 4 parasites/µl in slit aspirate and 60 parasites/µg tissue DNA in tissue biopsy while that for tissue microscopy was 63 parasites/µl and 502 parasites/µg tissue DNA respectively. As detection of Leishmania donovani bodies may be challenging in inexperienced hands, the microscopic structure of these has been detailed along with a comprehensive discussion of pre analytical, analytical and post analytical variables affecting its identification. To facilitate the diagnosis of PKDL, some scenarios have been suggested taking into consideration the clinical, epidemiological, immunological and microscopic aspects. Conclusion: Such evidence based medicine helps minimize intuition, systematize clinical experience and provides a diagnostic rationale as sufficient grounds for a clinical decision.
Introduction
The National Health Policy set the goal for kala-azar elimination in India by the year 2010, which was later revised to 2015. Undiagnosed and untreated patients of PKDL are a reservoir of infection wherein the parasites are easily accessible to the vector, i.e. the sand fly, for transmission. 1 Thus, an important element in the elimination of kala-azar is early diagnosis and management of both cases and reservoir.
Laboratory diagnosis of PKDL can be performed by direct microscopy, immunological techniques, rapid tests for antibody detection, and molecular methods. 2 The choice of test, however, depends upon the available infrastructure, simplicity, and reliability of the method. The slit skin smear preparation is an old and reliable technique for the diagnosis of PKDL that can be performed by the clinician as an office procedure; it is still considered the gold standard test, along with culture. 2 This article reiterates the role of the slit skin smear in the diagnosis of PKDL based on our experience and explains the performance and operational characteristics, functionality, methodology, and diagnostic criteria along with the difficulties encountered while performing this examination.
Slit-skin Smear Examination

Performance characteristics
The basic performance characteristics of a test designed to distinguish the infected from the uninfected is the sensitivity. The sensitivity for the slit-skin smear is in the range of 67-100% in nodules, 36-69% for papules, and 7-33% in macules. [3] [4] [5] Nevertheless, recognizing Leishman-Donovan (LD) bodies in a well-made smear requires patience and experience. The organisms, when present, are often found only in indurated lesions and even under ideal conditions the success rate has varied from as low as 20% in Sudanese 6 to approximately 60% in Indian PKDL. 7 The polymorphic presentation, where the degree of inflammation and parasite burden is least in macules, increasing from papules to nodules may explain the smear negativity. 8 Out of a 50 patients of PKDL, we performed slit-skin smear examination and histopathology in 46 patients as 4 paediatric patients refused to give biopsy sample. The parasite load was studied in both slit-skin aspirate and tissue biopsy specimens by performing SYBR Green I -based Leishmania specific quantitative real-time polymerase chain reaction (QPCR), as described by Verma et al. 9 The real-time PCR assay accurately quantifies the parasite load and has a detection limit of 1 fg parasite DNA per reaction (corresponding to 0.01 parasite). It was reported as the number of Leishmania parasites/μg tissue DNA in the case of biopsy specimens and as the number of parasites/μl slit aspirate in the aspirates. The slit-skin aspirate and biopsy specimens were also microscopically examined for the presence of LD bodies.
As seen in Table 1 , nodular form was the most frequently encountered presentation. 80% patients with past history of kala-azar of duration 0-5 years presented with papular forms of lesions.
All macular lesions (n = 4) were negative on histopathology and slit-skin smear examinations. Only 2/17 (11.7%) papular lesions were positive on histopathology as compared to 10/20 (50%) slit-skin smear specimens. In nodular lesions, 13/26 (50%) histopathology specimens and 20/26 (76.9%) slit-skin smear specimens were positive. These results clearly demonstrate the higher sensitivity of the slit-skin smear for screening PKDL cases.
An analysis of the results of the quantitative PCR based on the type of lesion, showed a significant (P < 0.0001) positive correlation (Pearson correlation coefficient = 0.82) between the parasite load of the tissue biopsy and slit aspirate from the same PKDL cases. In slit aspirates the parasite load of macular versus papular (P = 0.009), macular versus nodular (P = 0.003), papular versus nodular (P = 0.004) lesions were significantly different. Similarly, there was a significant difference in tissue biopsy parasite load between macular versus nodular (P = 0.009), and papular versus nodular (P < 0.0001) lesions. However, the tissue biopsy parasite load between macular and papular (P = 0.206) lesions did not differ significantly.
The slit skin aspirate parasite load and tissue biopsy parasite load of histopathology positive and negative cases differed significantly (P = 0.0008 and 0.03 respectively) while the findings of slit skin smear were insignificant of the parasite load [ Table 2 ]. A slit skin smear preparation involves taking a scraping of the dermis through a small cut over the skin lesion where the parasite resides. Despite the varying load of parasites, this undiluted and unprocessed sample is well suited to reveal amastigote forms on microscopic examination. The significant difference in the parasite load of the histopathology negative and positive cases may be due to alterations in parasite density during storage, processing, and staining. During processing the tissue passes through several dehydrating solutions causing the inflammatory cellular infiltrates to appear compact. 10 Moreover, histopathology samples include the epidermis and the full thickness of the dermis as a result of which the material gets diluted and contains fewer Leishmania organisms. 10 It has been reported that Giemsa stain examination of slit-skin or touch smears enables better evaluation and recognition of organisms in direct microscopy than formalin-fixed paraffin embedded histopathology sections in PKDL 7 as well as cutaneous leishmaniasis 10, 11 .
Considering the lowest parasite load detected by microscopy as the threshold limit, the positivity for slit skin smear was 4 parasites/µl slit aspirate and 60 parasites/µg DNA in tissue biopsy samples. However, the detection limit for tissue biopsy microscopy was 63 parasites/µl slit aspirate and 502 parasites/µg DNA in tissue biopsy samples. Figure 1 shows that slit skin smear examination is more sensitive compared to tissue biopsy microscopy as its threshold for positivity is much less. During slit skin smear preparation, material for direct microscopy was first smeared on at least 2 slides and the blade was finally dropped into a vial for estimating parasite load after scraping the same site. This may have influenced the results leading to direct microscopy being positive in those showing lower parasite loads. The biopsy sample was taken from a similar but different lesion. The study highlights the fact that although almost all LD body positive histopathology were also positive on slit skin smear, the reverse was not true: of the 30 smear positive cases only 14 were positive on histopathological examination while 15 cases were negative (biopsy was not available in one smear positive patient).
Verma et al. compared the sensitivity of microscopy with the tissue parasite load, 12 and showed that microscopy was positive in >80% cases with high parasite load in tissue biopsy. He also demonstrated lower parasite loads in macules and papules similar to our results. 11 The slit-skin smear has high specificity, implying that it can confidently identify the uninfected as negative. The morphology of the LD bodies is unique and is unlikely to be confused with other cytological forms. Histopathologically, in some cases, the nuclear debris in phagocytes may mimic amastigotes. 13 However, the sensitivity for diagnosing PKDL is high for molecular tests because the threshold of parasite load for positivity of these tests is significantly lower than that of slit-skin smear and histopathological examination. 12 Immunological tests such as ELISA, direct agglutination test, and rK39 test may not give conclusive results because of the persistence of the Leishmania antibodies for years after infection. 2
Operational characteristics
The slit skin smear is underutilized by both clinicians and microbiologists in PKDL. It can yield results within an hour, is minimally invasive, and can be performed in resource-poor settings with routine stains and a microscope. It is suitable for children and adults with facial lesions who may be unwilling for biopsy. Technicians can be trained to look for LD bodies. The reagents used are stable at room temperature and need minimum maintenance. The slit-skin smear samples are stable at tropical temperatures and easily transported.
Functionality
The choice of the test varies in different health care settings. Considering the performance and operational characteristics of slit-skin smear, the functionality of the test can be analyzed. For a developed country, highly sensitive and sophisticated tests are appropriate. They may be used in conjunction with direct microscopy or immunological tests. However, the regions worst affected by PKDL are the less developed nations. Most sophisticated tests available for diagnosis have their own challenges. Lack of resources limit developing countries, and many new tests are marketed directly to end users who lack the skills to assess their performance, 14 leading to misdiagnosis, misinterpretation, and delayed treatment, contributing to poor case detection [ Figure 2 ].
Factors Influencing the Results in Diagnosing PKDL by Slit Skin Smear Examination
The method of slit skin smear preparation has been described earlier in detail. 12 In brief, an appropriate lesion is selected in which which a slit is made and tissue smears are taken. 
Confirming the Presence of LD Bodies
In a slit-skin smear, LD bodies can be seen lying singly or in clusters, either intracellularly within mononuclear macrophages or as extracellular structures. The amastigotes have the following characteristics [ On high quality microscopes with a good resolution, a vacuole along the axoneme may be appreciated [ Figures 3 and 4 ].
The above-mentioned characteristics of LD bodies were analyzed for each slit skin smear examined. The smear positive cases were validated against the findings of PCR. Based upon the analysis and to improve the reliability of slit-skin smear, four scenarios are proposed. The diagnosis of PKDL should be considered when any one is fulfilled [ Table 3 ]:
1. Scenario I: History of kala-azar and presence of at least one structure fulfilling all the five characteristics 2. Scenario II: History of residence/travel to a kala-azar endemic area and presence of at least one structure fulfilling all the five characteristics 3. Scenario III: History of kala-azar or residence/travel to an endemic area and presence of atleast 3 or more structures fulfilling minimum 4 characteristics 4. If the rapid rk 39 serological test can be performed, then a fourth one can be included 5. Scenario IV: A positive rk39 test in serum and/or from tissue aspirate and presence of atleast one structure fulfilling all the five characteristics mentioned above or presence of atleast 3 or more structures fulfilling minimum 4 characteristics.
In cases from nonendemic areas, with no history of kala-azar or residence/travel to an endemic area, the presence of structures meeting the characteristics of LD bodies may be encountered. These scenarios help in diagnosing PKDL in such cases where the smears present with LD bodies with a distorted morphology [ Figure 5 ]. In such situations, the possibility of cutaneous leishmaniasis or other organisms mimicking LD bodies should be considered. The diagnosis must be confirmed by specific tests.
Conclusions
• The slit skin smear is a patient-friendly minimally invasive diagnostic method as it is more sensitive and has a lower threshold of detection of LD bodies as compared to histopathological examination • For the field diagnosis of PKDL in endemic areas, the slit-skin smear can be used as a primary confirmatory test in rk39 positive cases • All slit-skin smear negative patients clinically suspected as PKDL should be evaluated by molecular methods, if necessary.
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